Introduction
Colon cancer is a major public health problem in Italy and in other Western European countries. In Europe, mortality has declined whilst incidence has increased over the last 20 years [1] . After colon cancer resection, patients with stage II disease have a 5-year survival of ∼75-80%, while in patients with stage III disease 5-year survival rarely exceeds 60%. Approximately 45% of all resected patients have positive lymph nodes and 33% of these will develop recurrent disease [2] . Over the past 30 years, numerous trials have been performed to improve the outcome of patients with operable colon cancer. On the basis of the positive results of the Intergroup Trial 0035 [3] , in 1990 a Consensus Development Conference sponsored by the National Institute of Health (NIH) recommended 5-fluorouracil (5-FU) plus levamisole (LEVA) as standard adjuvant treatment for stage III colon cancer [4] . In general, most of the studies conducted in the 1990s used the combination of 5-FU and LEVA as the standard against new experimental therapies. One of the potential approaches to increase the efficacy of 5-FU and LEVA was the modulation of 5-FU by leucovorin (LV). LV had been shown to modulate the cytotoxic effect of 5-FU in various in vitro models through the enhancement of the inhibition of thymidylate synthetase (TS) [5] . A meta-analysis of all randomized trials comparing 5-FU with 5-FU modulate plus LV demonstrated that in patients with advanced colorectal cancer the response rate (RR) was significantly increased by using the 5-FU plus LV modulation, even though survival was not increased [6] . Several trials evaluated the modulation of 5-FU versus surgery alone in adjuvant treatment of colon cancer [7] [8] [9] [10] . The results from these trials demonstrated significant improvements in diseasefree survival (DFS) and overall survival (OS) for the chemotherapy regimen. Among the various combinations of LV and 5-FU, in the USA the Mayo Clinic regimen for 6 months appears to be an effective treatment and has been used extensively as adjuvant therapy [7] . However, in the Mayo Clinic regimen, stomatitis (36%), diarrhea (44%) and leukopenia (14%) grade 3/4 according to the World Health Organization (WHO) were frequent adverse events. In Europe, the most used 5-day schedule of 5-FU plus LV was the regimen derived from the Machover schedule [8] . With this schedule the most common toxicities of grade 3/4 disease were: nausea and vomiting 4%, stomatitis 11% and diarrhea 8% [11] . Another important clinical issue that some trials have evaluated in the adjuvant setting, was the duration of treatment (12 versus 6 months). In 1992 the Italian National Intergroup of Adjuvant Chemotherapy in Colon Cancer (INTACC) designed a randomized trial for patients with curatively resected stage II and III colon cancer to evaluate whether the efficacy of the combination 5-FU plus LEVA for 6 months could be improved with the addition of LV.
Patients and methods

Eligibility criteria
This trial was started in March 1992 and the accrual was completed in February 1995 after 1703 patients had been enrolled. Five cooperative groups took part in this multicenter trial: Gruppo Oncologico Italiano di Ricerca Clinica (GOIRC), Gruppo Cooperativo Istituto Nazionale per la Ricerca sul Cancro (IST-Genova), Gruppo Oncologico del Nord-Ovest (GONO), Gruppo Oncologico Piemontese Tumori Apparato Digerente (GOPTAD) and Istituto Oncologico Romagnolo (IOR). All patients were required to have histological proof of intraperitoneal colon carcinoma, complete resection of the primary tumor without gross or microscopic evidence of residual disease, age ≥18 years, stage B 2-3 and C according to modified Astler and Coller (1987) classification [12] , Eastern Cooperative Oncology Group (ECOG) performance status (PS) <1, normal hepatic and renal function, and informed consent. Colon cancer was defined as any lesion of the large bowel that did not require the opening of the pelvic peritoneum to define the distal extent of the tumor and/or 12 cm from pectinate line. The inferior margin of the tumor had to be above the peritoneal reflection.
Randomization and treatment
Eligible patients were centrally randomized within 60 days after surgery at three coordinating data centers in Genova for IST-Genova, GONO and GOPTAD, and in Parma for GOIRC and Forlì for IOR. Randomization lists were generated using permuted blocks of variable length in random sequence so that treatments were balanced within each center. Clinical center was the only stratification factor. The two randomization arms were: arm A, 5 
Follow-up
Patient data were collected on standardized trial forms and periodically sent to the Information Management Center. Investigators were required to notify the trial office of any serious unexpected adverse event. Before each course of therapy, patients underwent a physical examination and baseline hematological studies, including red and white blood cell count, renal function tests and serum carcinoembryonic antigen (CEA) measurements. These tests were conducted every 6 months for the first 2 years and then every year for a total of 5 years. During follow-up, colonoscopy or barium enema was recommended every year during the first 5 years. Chest X-ray and hepatic ultrasound or computed tomography scan were performed every 6 months for the first 2 years, then every year until the fifth year. Treatment following relapse was decided by the investigators. Follow-up was continued after 5 years without formal protocol requirement.
Study end points and statistical methods
INTACC aimed to recruit 725 patients per arm, which would give a >80% chance that the study could detect a 20% proportional difference in 5-year overall mortality between the two regimens (e.g. 60% versus 67%), based on a reported 3.5-year OS of 71% [3] . The final analysis was set when a total of 570 events had been observed. The primary end point was OS. Secondary end points included DFS and toxicity. Statistical analyses were based on the intention-to-treat principle. An interim analysis was planned and executed 2 years after recruiting the last patient to monitor study progression. A cut-off date of follow-up was set for 30 June 2000 to minimize the effect of potential bias in the reporting of events. Kaplan-Meier estimates were used to describe the time course of events in the treatment groups and the log-rank test was used for comparisons. Cox regression analysis was used to assess the relationship of the study end points to treatment after adjusting for a set of independent clinical variables, including ECOG performance status, histological grading, TNM (tumor-node-metastasis) stage of disease, gender and site of disease. Age, in 10-year intervals, was used as a stratification factor. The final models were obtained by means of a backward procedure based on the likelihood ratio test (P <0.05 for inclusion and ≥0.10 for elimination). The presence of significant interactions between treatment and prognostic factors was assessed by including the appropriate interaction terms in the model. Estimates were derived from a multivariate Cox's model, with all prognostic factors included as covariates. From the total population of 1703 patients, 28 with missing information for one or more of the above factors were excluded. The P-value for heterogeneity of the hazard ratios was estimated by including interaction factors in the model. The proportional hazard assumptions were graphically checked with the log [-log (survival function)]. SPSS 9.0 statistical package was used for the statistical procedures. For all tests, a two-sided P-value of <0.05 was regarded as significant.
Results
Patient characteristics
Among the 1703 patients enrolled, 844 (49%) were randomized to arm A and 859 (51%) to arm B. The characteristics of the study population by treatment arm are shown in Table 1 . Overall, patient and tumor characteristics were well balanced between the two arms. Fifty-eight patients (3%) were ineligible: 15 patients (0.8%) had unknown histology, four patients (0.2%) had PS >2, 29 patients (1.7%) because the interval from surgery to randomization was >60 days and 17 patients (0.9%) had colon cancer (Dukes' B 1 ) [13] .
Treatment information
As shown in Table 2 Table 2 reports the incidence and types of toxicity associated with the two chemotherapy regimens. There were significant differences in toxicity between the two arms: severe gastrointestinal toxicity occurred more frequently in arm B (P <0.0000) while leukopenia grade 3/4 was more frequent in arm A (3% versus 0.8%; P = 0.02), respectively. Doses were reduced due to leukopenia in 106 patients (41%) in arm A and in 53 patients (18%) in arm B, due to diarrhea in 41 patients (16%) in arm A and in 87 patients (29%) in arm B, due to mucositis in 26 patients (10%) in arm A and 64 patients (21%) in arm B. Hepatic toxicity grade ≥3 was found in one patient in both arms. Two patients experienced multifocal leukoencephalopathy after the second and third cycle with 5-FU plus LEVA [14] . (Figure 1) . In a subanalysis of both end points between treatments in patients stratified by disease stage (Dukes' B 2-3 versus C), no remarkable differences were seen. Multivariate Cox regression analysis did not show a significant association between treatment and either OS or DFS (Figure 2 ). Treatment B was associated with a nonsignificant reduction of 5% in the relative risk of death (hazard ratio 0.95; 95% CI 0.80-1.13; P = 0.57) and of 3% in the relative risk of relapse, second tumor or death (hazard ratio 0.97; 95% CI 0.83-1.13; P = 0.66). No significant interaction was seen between treatment and age, sex, the number of positive lymph nodes and tumor location, indicating the lack of any subgroup-specific treatment effect.
Clinical outcomes
Discussion
This trial did not show a statistically significant difference between 5-FU plus LV versus 5-FU alone in colon cancer patients treated for 6 months, considering that LEVA was administered with the same schedule in both treatment arms. However, this trial was not designed to evidence, nor was the statistical sample sufficient to evidence, significant statistical differences from the addition of LV to 5-FU. Both tested regimens were associated with a satisfactory clinical outcome in terms of DFS (58% versus 60%) and OS (68% versus 71%), rates that are comparable with results from the literature. Although 5-FU plus LV is currently accepted as 'standard' treatment for colon cancer, the enigma concerning the value of LEVA in combination with 5-FU, or the value of 5-FU alone, remains unresolved. Some hypotheses can be proposed to explain the reasons for the equal activity of both regimens in this trial.
Numerous investigators have suggested that the DI of 5-FU may be important in determining the activity of adjuvant chemotherapy in colon cancer [15] . Zalcberg et al. [16] evaluating the DI of 5-FU in adjuvant treatment, showed that the benefit associated with the use of 5-FU and LEVA in Dukes' C colon cancer is directly related to the planned total dose of 5-FU administered. This benefit was greater in trials where the largest dose of 5-FU was combined with LEVA compared with other 5-FU regimens. The conclusion of Zalcberg et al.'s retrospective analysis suggests two hypotheses: first, the planned dosage of 5-FU is directly related to the results, when combined with LEVA; and secondly, the contribution of LEVA may not have had significant impact [16] . According to the Zalcberg hypothesis, the results of our trial can depend on the planned dose of 5-FU in arm A compared with that in arm B. It is possible that the effect of LV modulation was not evident due to counterbalancing by the 5-FU dose reduction in the experimental arm. A recent trial evaluated an adequate dose of 5-FU versus 5-FU plus LEVA and showed that 5-FU alone was as active as in combination with LEVA in prolonging survival in stage III colon cancer patients [17] . Recently, Tepper et al. [18] reported a large trial in patients with high-risk rectal cancer treated with adjuvant radiotherapy combined with 5-FU alone, 5-FU plus LEVA, 5-FU plus LV, and 5-FU plus LEVA and LV. No statistically significant advantage to any of the treatment regimens was found and data suggest that 5-FU is the only really effective agent in the adjuvant therapy [18] . In our trial, 5-FU was combined with LV in the experimental arm using the Machover schedule (the standard treatment in Europe), and we administered LEVA in both arms because at the onset of the trial it was not ethical to treat patients without 5-FU plus LEVA. In both arms, we administered chemotherapy for 6 months with the objective to increase the compliance of patients and to reduce the costs. Recent trials evaluating the duration of treatment (6 versus 12 months) have reported that 6 months treatment with 5-FU plus LV did not appear to be inferior to 12 months of treatment [10] . Haller et al. [19] (INT-0089) demonstrated that 6 months of 5-FU plus LV administered by weekly and monthly schedule is equal to 5-FU/LEVA for 12 months, and supported that 6 months of 5-FU plus LV is a better treatment and the value of LEVA is irrelevant [19] . Wolmark et al.'s (NSABP-C04) [20] trial compared six cycles of 5-FU plus LV (Roswell Park schedule) to standard 5-FU plus LEVA (Moertel's schedule) and double modulation of 5-FU plus LV and LEVA. The results did not reveal significant differences among the regimens. In 1992, in the INTACC trials, we used high doses of LV, but the optimal dose of LV is still under question. In particular, in an attempt to solve the question of LV dose and the role of LEVA, the Quick and Simple and Reliable (QUASAR) group designed a factorial (2 × 2) large-scale trial where the patients were randomly assigned either high-dose (175 mg fixed dose) or low-dose (25 mg fixed dose) LV, and either LEVA or placebo combined with 5-FU (370 mg/m 2 for 5 days). The randomized comparison in the QUASAR group suggests that there are no survival differences between high-and low-dose LV or between LEVA and placebo [21] . Moreover, in a non-randomized trial, the QUASAR group evaluated the comparison between weekly and 4-weekly treatment schedules. The weekly regimen is less toxic than the 4-weekly regime, but there is no apparent difference in recurrence rates or OS [22] . In our trial, using the monthly schedule with LV plus 5-FU plus LEVA, the overall gastrointestinal toxicity, in particular diarrhea, stomatitis and vomiting, was statistically greater (32% versus 79%, arm A versus arm B; P <0.0000). Six patients died due to severe toxicity in the 5-FU plus LEVA arm, while one toxic death was related to the LV-combination treatment arm. In conclusion, our trial fails to demonstrate that the addition of LV to 5-FU plus LEVA is superior to 5-FU plus LEVA, both administered for 6 months. At this time, 5-FU plus LV is considered the standard adjuvant chemotherapy for colon cancer, although the new results that have emerged from advanced colon cancer treatment with CPT-11, oxaliplatin and oral fluoropyrimidine, justify new trials to increase and improve these results. Effect of treatment assignment on overall survival across strata defined by various prognostic factors. PS, performance status; CL, confidence limit.
